Th2 phenotype, which explains (or possibly explains) the relationship between obesity and atopy among women. In a study by Vieira et al, 7 the occurrence of specific immunoglobulin E (IgE) in obese women was seen almost 3 times more often than in nonobese women. The plasma concentrations of 17β-estradiol, the ratio of 17β-estradiol to sex hormone-binding globulin, the fasting insulin resistance index, and C-peptide and leptin concentrations were higher in the obese group than in the nonobese group, after adjustment for the use of oral contraceptives. The authors suggested that the relationship between atopy and obesity may be due to an increased production of 17β-estradiol by adipose tissue.
7
These findings may lead to novel methods of treatment, such as the anti-inflammatory therapy using metformin and statins as an alternative step for future treatment of obese adult asthmatics who do not respond to standard therapy.
5 On the other hand, patients with obesity may present with symptoms that can mimic asthma, such as impaired exercise tolerance, dyspnea, and sleep apnea. Thus, a differential diagnosis in such cases is crucial to the initiation of proper treatment.
The aim of this study was to identify genes that are differentially expressed in the peripheral blood of obese and normal-weight asthmatic patients. Additionally, we aimed to evaluate whether the analysis of gene expression in peripheral blood may be helpful in the differential diagnosis of obese patients who present with symptoms similar to asthma.
PAtIents And methods Patients
The study group included 15 patients with asthma (9 obese and 6 normal-weight patients), treated at the Department of Allergology and Pneumology, University Hospital in Gdańsk, Poland. The control group included 13 obese patients in whom asthma was excluded, treated at the Department of Clinical Nutrition, University Hospital in Gdańsk, Poland (tAble 1). The inclusion criteria for the asthma group were partly or well-controlled asthma and step 4 treatment according to the GINA guidelines, including inhaled steroids and long-acting β-agonists in all cases. 1 All studied patients had a history of bronchial obstruction with positive reversibility test results. Additionally, all asthma cases were atopic with inhalant allergy confirmed with a skin prick test with pollens or house dust mites (or both). The exclusion criteria were as follows: lack of consent, pregnancy, severe chronic or malignant disease, diabetes, hypertension, and coronary artery disease.
In addition to regular procedures performed in asthmatic patients on an outpatient basis, blood samples was obtained from each individual. In control subjects, blood samples were obtained before starting the dietary and exercise treatment of obesity.
collection of blood samples RNA samples were collected using the PAXgene Blood RNA Tubes coli lipopolysaccharides and generated the highest levels of proinflammatory cytokines, such as interleukin (IL) 5, IL-10, interferon γ, and tumor necrosis factor α (TNF-α), compared with other groups, while the preexposure to leptin enhanced the proinflammatory response. This leptin-sensitive proinflammatory macrophage phenotype in the context of higher leptin concentrations in obesity may play a role in the pathogenesis of obesity-related asthma. 2 Obesity has a significant adverse effect on asthma control, as reflected by more severe symptoms and increased use of medications. There are also data suggesting that the high serum level of leptin is associated with greater severity of clinical asthma.
Tsaroucha et al 3 analyzed the concentrations of 3 adipose tissue-derived hormones-leptin, adiponectin, and ghrelin-in relation to severity of asthma in women. In their study, both the leptin level and leptin-to-adiponectin ratio discriminated between severe and mild or moderate asthma in women. Furthermore, these markers were significantly higher during asthma exacerbation, while serum adiponectin and ghrelin concentrations were significantly lower. These findings suggest that fat tissue-derived hormones may be involved in the pathogenesis of severe asthma in women. 3 Secondly, obesity is linked to chronic, low-grade systemic inflammation because adipose tissue releases proinflammatory cytokines including TNF-α, IL-6, plasminogen activator inhibitor 1, eotaxin, and vascular endothelial growth factor (VEGF), which activate the inflammatory state at sites distant to fat tissue. This systemic inflammation may also exacerbate asthma.
4,5
Obesity is also associated with an increased incidence of comorbidities such as cardiovascular diseases, type 2 diabetes, and neoplasms related to estrogens. Patients with a coexistence of obesity and asthma differ from other subjects in their response to pharmacotherapy (impaired effect of inhaled steroids) and show different immunological patterns, which results in an increased exacerbation rate. Recently, an animal study showed that hyperinsulinemia accompanying obesity enhances vagally induced bronchospasm, owing to the inhibition of neuronal M2 muscarinic receptors and increased acetylcholine release from airway parasympathetic nerves.
6 Additionally, obese patients show increased 17β-estradiol concentrations. 17β-estradiol may enhance IL-3 and IL-4 levels in monocytes and promote a for which expression was significantly different between the compared groups were chosen based on a log 2 -fold change exceeding 2 in gene expression, a t test P value of less than 0.05, and corrected for multiple testing using the Benjamin-Hochberg method (P <0.05). The naive Bayes prediction model was used to build a prediction model differentiating between obese patients with and without asthma. The functional annotation of genes was described using the Genecodis functional annotation web-based tool 8 and the PANTHER database. 9, 10 Clinical data for this study were analyzed with GeneSpring (Agilent Technologies).
All patients gave their written informed consent to participate in the study. The study was approved by the Medical Ethics Committee of the Medical University of Gdansk, Gdańsk, Poland.
results The whole-genome expression analysis was performed in RNA samples isolated from all blood cells in whole blood. From the 47 323 probes present in the array, 32 379 transcripts had sufficient data for further analysis.
Asthma and obesity The comparison of the gene--expression profiles in patients with asthma and obesity versus patients with asthma and normal body mass revealed a log 2 -fold change difference exceeding 2 in gene expression in 19 transcripts. A significant difference corrected for multiple testing was found in 6 of the analyzed transcripts (FIGure 1).
The gene-expression analysis comparing obese patients without asthma and asthmatic patients with normal body mass revealed a log 2 --fold change difference exceeding 2 in gene (Qiagen, Venlo, Netherlands). All tubes were immediately frozen and stored at -20°C until RNA isolation (a maximum period of 2 months). RNA was isolated using the PAXgene Blood RNA Kit CE (Qiagen). All RNA samples were stored at -80°C until labeling and hybridization.
The quality and concentration of RNA was determined using the Agilent 2100 Bioanalyzer and the Agilent RNA 6000 Nano Kit (Agilent, Amstelveen, Netherlands). Samples with an RNA integrity number of more than 7.5 were used for further analysis on expression arrays.
Gene expression analysis For amplification and labeling of RNA with the Illumina TotalPrep 96 RNA Amplification Kit (Applied Biosystems, Nieuwerkerk aan den IJssel, Netherlands), 200 ng of RNA from each sample was used. The Human HT--12_V3 expression arrays (Illumina, San Diego, California, United States) were processed according to the manufacturer's protocol. Slides were scanned immediately using the Illumina BeadStation iScan (Illumina).
Image and data analysis The first-line check, background correction, and Quantile normalization of the data were done with the Genomestudio Gene Expression Analysis module v 1.0.6 Statistics (Illumina, San Diego, United States). Entities for which at least 75% of the samples had a signal intensity value above the 20th percentile in 100% of the samples of at least 2 groups were included in further analysis.
Data analysis was performed using the GeneSpring package version 8.0.0 (Agilent Technologies, Santa Clara, California, United States) according to the manufacturer's instructions. Genes based on the genes with the log 2 -fold change difference exceeding 2 in gene expression. The main pathways of the differentially expressed genes were platelet-derived growth factor (PDGF), integrin, transcription, and inflammation (tAble 3) .
dIscussIon Our study showed differences in gene expression in peripheral blood related to obesity both in obese asthmatic patients and in obese patients without asthma. Secondly, the prediction model based on the results of gene expression allowed to differentiate obese patients with asthma from obese controls with high accuracy. Asthma and obesity are one of the most serious health problems in modern society. The overlap between these conditions causes clinical difficulties in differential diagnosis. A better understanding of the pathology of asthma, especially its phenotype related to obesity, may lead to the development of effective and tailored treatment strategies. As the gene expression analysis has become a daily routine method in expression in 23 transcripts. A significant difference corrected for multiple testing was present in all 23 entities (FIGure 2) .
PI3, LOC100008589, RPS6KA3, LOC441763, IFIT1, and LOC100133565 transcripts were defined as possibly related to the increased body mass (tAble 2).
Asthma and control groups
The following analysis focused on the identification of genes that were differentially expressed in subjects with asthma (both obese and with normal body mass) in comparison with controls. The results revealed that a significant difference corrected for multiple testing was present in 95 entities. A log 2 -fold change difference exceeding 2 in gene expression was found in 5 transcripts including HS.99472, ARID4B, LOC643313, C14ORF4, and HS.193767.
Prediction model differentiating obese patients with
and without asthma In order to identify genes that could be used to differentiate obese controls and obese asthmatics, we analyzed genes showing a significant difference in expression corrected for multiple testing (P <0.05) in 2 groups: 1) the set differentially expressed in obese controls and normal-weight asthmatics (1486 transcripts) and 2) genes differentially expressed in the whole asthma group in comparison with obese controls (95 transcripts). The difference in the transcription of 1425 entities was found only in the comparison of obese controls and normal-weight asthmatics; 61 genes presented a common pattern of expression in both analyses; another 34 genes were differentially expressed only in the comparison of the entire asthma group versus controls (LOC100132528,  SAMD3, MEI1, C5ORF41, TERF2IP, BOLA2B processes into the analysis. Another advantage of this standardized method is that it also reduces the effect of sample handling on the result.
Gene expression profile Although we focused on the differences in gene expression between obese and normal-weight patients with asthma and between normal-weight patients with asthma and obese patients without asthma (tAble 2) , we also found interesting similarities between these oncology and hematology, it is likely that this method will also be used in allergology, where a correct diagnosis is crucial for long-term patient treatment.
11-14
For this study, we analyzed RNA samples isolated from whole blood. As the mechanism of obesity in asthma and subsequent inflammation is largely unknown and probably related to more than 1 or 2 specific molecular pathways and processes, the advantage of this method is to include all possible response, and apoptosis, which may provide a useful model for childhood asthma. 12 The adipose tissue of obese patients consists of adipocytes, macrophages, T cells, B cells, and eosinophils. All these immune cells play a crucial role not only in the development and acceleration of low-grade systemic inflammation and metabolic disturbances but also in allergic inflammation. Recent data have confirmed the relationship between gene expression in PBMCs (lymphocytes and monocytes) and visceral fat accumulation. Animal studies suggested that changes in gene expression in PBMCs can be used as early predictors of obesity; in particular, the expression of energy homeostatic genes such as the genes for neuropeptide Y and fatty acid synthesis (FASN, SREBP 1) and adipogenesis (PPARG). 13 In another study, the progression of overexpression of scl27α2 was strongly associated with weight gain in rats owing to hyperlipidemic diet; that is why, it may be also a molecular predictor of early development of overweight.
14 The gene expression analysis of PBMCs from obese patients showed that the expression of several genes related to circadian rhythm, inflammation, oxidative stress, and immune response was significantly positively correlated with visceral fat adiposity (eg, SCL46A3) or was negatively correlated with visceral fat adiposity (eg, PER 1, ZNF 174). It suggests that low-grade systemic inflammation in adipose tissue may reflect the expression of PBMC genes similarly to asthma, as described above. Interestingly, the activation and count of lymphocytes, monocytes, and neutrophils are similar in obesity and asthma.
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The pathway analysis of the genes differentially expressed in the group of normal-weight asthmatic patients and obese controls showed several annotations that may help elucidate the groups. The PI3 gene is involved in the PI3K kinase pathway, which impacts asthma in several ways. The PI3K activity is increased after ovoalbumin allergen provocation. It increases the expression of VEGF, which enhances vascular permeability and Th2 sensitization, including IL-13 and IL-6 levels. 15, 16 Furthermore, PI3K signaling affects the deeper bronchus layer, increasing airway smooth muscle proliferation. 17 It is also involved in eosinophil cationic protein, eosinophil peroxidase, and myeloperoxidase release in allergic rhinitis and asthma, irrespective of the allergen-challenge model. 18 Additionally, PI3K signaling is increased in obesity induced by a high-fat diet. 19 The IFIT1 gene is involved in antiviral response; additionally, its expression is increased in Th2-cytokine pretreated epithelial cells. 20 The ARID4B gene is involved in the development of neoplasms, spermatogenesis, and alcohol abuse. 21 The protein belongs to the retinol-binding protein family, which additionally regulates adipogenesis.
22
A previous study on the gene expression analysis of peripheral blood mononuclear cells (PBMCs) of 34 560 oligonucleotide probes identified 8 candidate genes affecting the development of asthma. By using more strict criteria, the authors found that the best model that may be a useful biomarker for asthma consisted of only 3 genes: MEPE, MLSTD1, and TRIM37. Further analyses identified the best model for classification of asthma severity (CCT5, NOX5, LMAN1, KNS2, MLSTD1, TRIM37).
11 Unfortunately, the function of the genes in the pathomechanism of asthma has not been determined yet. A recent microarray analysis of PBMCs in childhood asthma revealed that the combination of ADAM33, SMAD7, and LIGHT genes was involved in immune response, stress in further studies on the development of a clinical diagnostic tool. Some limitations of the current phase and future phases of our study need to be discussed. The necessary next step of the gene expression study is to validate the gene profile in independent groups of obese and normal-weight asthmatic patients, obese nonasthmatic controls, and, additionally, normal-weight subjects without asthma as "supernormals".
The number of biomarkers that can be measured in asthmatic patients is limited. In peripheral blood, we can measure only specific IgE and total IgE levels, eosinophil count, serum periostin levels, and prostaglandin E 2 levels. 37, 38 Sputum quantitative assay, exhaled breath analysis, and urinary metabolomic analysis may also be performed. 37 However, none of these parameters is specific for obesity-related asthma.
conclusions The results of our study show significant differences in gene expression between obese and normal-weight asthmatic patients. However, changes in gene expression caused by asthma and obesity have common pathways. The analysis of gene expression might be a useful tool in difficult cases of obese patients suspected of asthma.
contribution statement MGN conceived the idea of the study, participated in data collection, and drafted the manuscript. MN conceived the idea of the study, performed the statistical analysis, and drafted the manuscript. PN conceived the idea of the study, participated in data collection, and drafted the manuscript. BS and PV performed the genetic analysis. EJ and SM participated in the concept of the paper and revised the draft. reFerences underlying mechanism. The most significant was the PDGF signaling pathway, which may be related to obesity. A genome-wide association study showed that PDGF signaling was the most significant mechanism associated with metabolic syndrome. 24 Integrin signaling is involved in the adiponectin pathway. 25 The imbalance between normal adipogenesis and osteogenesis mediated by integrin αv/β1 has been shown to be related to the development of obesity. 26 Interestingly, both PDGF and integrin pathways also play an important role in the pathogenesis of asthma. [27] [28] [29] [30] PDGF may be involved in airway remodeling, and IL-13-mediated inflammation-in chronic asthma. 29, 30 Integrin is involved in airway inflammation both in the epithelial layer (by recruiting dendritic cells) 28 and in the muscular layer (by affecting smooth muscle cells) 27 . The endothelin pathway may be responsible for the development of obesity because the EDNRB gene (coding endothelin receptor type B) may influence the susceptibility to obesity. On the other hand, endothelin is a cofactor of IL-25 in the murine model of inflammation in asthma. 31 The regulation of transcription, inflammation, and B-cell activation may also be related to both diseases because they are both chronic inflammatory conditions. 5 Our results confirm the observations that asthma and obesity have common genetic mechanisms in 8%. 32, 33 Recent reports have emphasized the link between allergic inflammation and atherosclerosis, lipid metabolism, and venous thromboembolism. [33] [34] [35] A study by Inouye et al 35 described a tissue-specific gene network associated both with blood lipid levels and with key components of inflammation and allergy. On the other hand, airway inflammation in some obese asthmatics is hypocellular, with a higher blood eosinophil count and higher eotaxin and IL-5 concentrations, while some studies showed lower concentrations of exhaled nitric oxide and increased neutrophil count. 4,33 Genetic studies indicated several mechanisms involved in the pathogenesis of asthma, including innate immunity as well as airway hyperresponsiveness and remodeling.
1 The regulation of serum IgE is associated with single nucleotide polymorphisms in 1q23, 5q31, and 12q13. 36 Our study underlines the nonatopic mechanisms involved in the pathogenesis of inflammation present in obese asthmatics, which does not exclude a possible atopic inflammation in atopic individuals.
clinical relevance of the results We managed to identify a group of genes related to the development of asthma, which could be used to construct a prediction model differentiating obese asthmatics from obese patients without asthma with similar symptoms caused by obesity. The proposed model allowed to correctly classify 92% of obese patients without asthma and 89% of obese asthmatic patients, resulting in the overall accuracy of 90.9%. These findings may be used
